Human blood contains an inactive proteolytic enzyme, plasminogen, which may be converted in vitro to its active form, plasmin, either spontaneously or by the addition of various agents (1) . A similar activation is believed to occur in vivo after exposure to a variety of noxious circumstances (2) (3) (4) (5) (6) . Since plasmin catalyzes the hydrolysis of corticotropin A (7), it is possible that circumstances which induce the activation of plasmin will result also in an increase in the rate of destruction of adrenocorticotropic (ACTH) and other polypeptide hormones.
The present study was designed to determine the in vitro hydrolytic action of human blood * Aided by grants from the National Institutes of Health, United States Public Health Service (A-1409), and Merck and Company, Inc. plasma on ACTH, somatotropin, glucagon and insulin before and after the conversion of plasminogen to plasmin by streptokinase.
METHODS
Human blood plasma prepared from freshly drawn heparinized venous blood, plasminogen prepared from fresh plasma by Milstone's procedure (8) , and two different preparations of plasmin (9, 10) (TCA) to the appropriate tubes. One set of controls, designated to assess any preformed proteolytic activity of the plasma, contained plasma and substrate but the streptokinase was added after the TCA. A second set of controls consisted of incubation of the substrate with streptokinase and the addition of the plasma after the precipitation with TCA. The radioactivity of the whole TCA precipitated incubation mixture and of the TCA soluble portion were assayed in a well-type scintillation counter and after appropriate corrections the degradation of each substrate was computed as described previously (13) .
Crude plasminogen was prepared by precipitating the euglobin fraction of fresh human blood plasma with 19 volumes of distilled water and adjusting to pH 5.2 with 0.5 per cent acetic acid. The mixture was centrifuged and the precipitate from two volumes plasma was resuspended in one volume of McIlvaine's buffer. Each incubation mixture consisted of 1 ml. of the euglobulin solution, 0.5 ml. buffer containing 0.2 /AM or more of the mixture of labeled and unlabeled substrate, and 0.5 ml. McIlvaine buffer at pH 7.8. In a second set of tubes with the same mixture, the buffer contained 1,000 units streptokinase. In a third set of tubes consisting of the same volumes of plasminogen, substrate and streptokinase, the buffer also contained 2.4 mg. of five times crystallized soybean trypsin inhibitor. At designated intervals the incubation mixture was precipitated with an equal volume of 10 per cent TCA. The proportion of the substrate which became TCA soluble was determined as above.
In order to establish that the rate at which a substrate yielded TCA soluble radioactive fragments represents the rate of its hydrolysis, the same concentration of plasminogen was incubated with 1 uM of each substrate and the rate of release of TCA soluble radioactive fragments and the increase in the optical density at 280 m/u were determined on the same filtrates.
The effect of human plasmin on the degradation of the various proteins was determined by incubating 1 ml. plasmin solution (from 0.2 to 0.5 mg. in 1 ml. McIlvaine's buffer) with 1 ml. buffer containing from 0.1 to 1.0 ,uM of the mixture of labeled and unlabeled substrate.
RESULTS
Incubation of fresh native plasma (final concentration, 0.5 ml. per ml. incubation mixture) Figure 2 .
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Plasminogen alone produced no appreciable effect on the destruction of insulin which in six experiments showed a maximum degradation of 1.3 per cent (mean + S.E., 0.9 ± 0.8 per cent) at the end of the 90 minute incubation period. The presence of streptokinase did not influence the effect of the action of plasminogen on insulin. Even with a 10-fold increase in the concentration of plasminogen or with a prolongation of the incubation period to 72 hours there was no appreciable increase in the quantity of insulin destroyed over that obtained in two hours.
Whereas the plasminogen preparation alone produced a slight destruction of ACTH (mean + S.E., 1.7 ± 1.6 per cent) and of somatotropin (mean ± S.E., 1.7 + 1.6), a more significant degradation of glucagon occurred (mean ± S.E., 6.7 + 2.7 per cent) by the end of the 90 minute incubation period. In contrast to the effect on insulin, the addition of streptokinase to the incubation mixture resulted in a marked acceleration in the rate of degradation of ACTH, somatotropin and glucagon. This effect was inhibited in the presence of crystallized soybean trypsin inhibitor (Figure 2) . degradation of the different substrates by streptokinase-activated euglobulin fraction (equivalent to 1 ml. plasma per ml. incubation mixture) is illustrated in Figure 3 . It is apparent that at all concentrations tested, the rate of degradation of each hormone remained essentially constant. In order to establish that the increase in the TCA soluble radioactive fragments is due to the hydrolysis of the labeled proteins, the effect of the incubation of streptokinase-activated plasminogen (equivalent to 1 ml. plasma per ml. incubation mixture) with the various proteins (1.0 IAM per ml. incubation mixture) on the optical density at 280 mfA of the TCA filtrate was studied. It is evident from Figure 4 that concomitant with the amount of protein degraded, as calculated from the per cent of the total radioactivity that became TCA soluble, there was an increase in the optical density. Additional confirmation of proteolysis was obtained from radioautographs of chromatograms of the TCA soluble fraction ( Figure 5 ) prepared according to the technique of Tong, Taurog and Chaikoff (14) .
Purified human plasmin, like the streptokinaseactivated plasma and the streptokinase-activated plasminogen, produced no appreciable destruc- tion of insulin even after incubation for 24 hours. Glucagon and ACTH, however, were rapidly destroyed by the plasmin while somatotropin was destroyed at a slower rate. Typical of the data obtained with the two preparations of purified plasmin used in this study are the data illustrated in Figure 6 .
DISCUSSION
The data reported herein reveal that insulin is not degraded in vitro by native human plasma, streptokinase-activated plasma, streptokinase-activated plasminogen or purified human plasmin. Glucagon, ACTH and somatotropin, however, are hydrolyzed to some degree by native plasma and at a much greater rate by streptokinase-activated plasma, streptokinase-activated plasminogen and plasmin. The relatively low rate of destruction produced by native plasma does not contradict the conclusions of Reiss, Badrick, Halkerston and Plaice (15) and of Pincus, Hopkins and Hechter (16) that ACTH is inactivated by human plasma. Thus, Pincus and co-workers found that about 90 per cent of the activity of ACTH is destroyed after one hour incubation of 0.002 to 0.004 International unit per ml. of human plasma. This rate of inactivation is within the range of the degradation observed herein since the incubation of approximately five units ACTH with 0.5 ml. plasma for two hours resulted in the degradation of the equivalent of from 0.1 to 0.2 unit.
The conversion of plasminogen to plasmin by streptokinase appears to be relatively specific to human blood (1) in that the plasminogen in native human plasma is readily activated by amounts of streptokinase which are without effect on the plasma of many subhuman species (17) . This relative specificity is believed to be due to a "proactivator" which is presumed to be present in large concentrations only in human plasma (1, 18, 19) . Accordingly, the destruction of glucagon, ACTH and somatotropin by streptokinase-activated human plasma and streptokinaseactivated plasminogen may be due to the resultant plasmin as proposed by White and Gross as the mechanism responsible for the destruction of ACTH by plasma (7) . In accord is the inhibitory action of crystallized soybean trypsin inhibitor on streptokinase-activated plasminogen.
The relatively low activity of native plasma may be attributed to the spontaneous conversion of some plasminogen to plasmin during the process of drawing the blood and separating the plasma.
The fact that the hydrolytic activity of the streptokinase-activated plasma was not completely inhibited by the quantities of soybean trypsin inhibitor used herein suggests that either the glucagon was not stable under the conditions of the assay or that some other proteolytic enzyme is also present in the plasma. It is pertinent to note, however, that even though a complete inhibition of proteolysis can be produced with larger quantities of soybean inhibitor, the possibility that another proteolytic system is also present is not eliminated because of the fact that soybean trypsin inhibitor is not very specific in its inhibition of proteolytic enzymes.
Plasmin has been shown to hydrolyze synthetic substrates such as arginine and lysine esters (20) . The same apparent specificity is suggested by its action on corticotropin A (7) which is split after arginine in the sequence ---Arg. Try. 8 9 and after lysine in the sequence ---Lys. Lys. Arg. Arg. (Pro. Val.) 15 16 17 18 19 20 Plasmin, however, did not hydrolyze the bond after lysine in position 21
(----Lys. Val. ---) 21 22 which may reflect a specificity requirement involving the amino-bearing residue of the bond attacked and also explain the failure to hydrolyze the linkage after arginine in position 18. If plasmin has the same type of action on other peptide hormones, then glucagon, the structure of which has been described by Bromer, Sinn, Staub and Behrens (21) , may be split after lysine in the sequence Lys. Try. 12 
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but not after arginine in the sequence ---Arg. Arg. 17 18 Likewise, it could be anticipated that the B chain of insulin (22) , if at all hydrolyzed, would split after arginine in the sequence Arg. Gly.
23
or after lysine in the sequence Lys. Ala. 29 30 and release at best only one F131 tagged tyrosine residue. The demonstration that insulin is not hydrolyzed by plasmin, however, suggests that the configuration of the intact molecule protects the aforementioned bonds.
As indicated at the outset, exposure to a variety of noxious stimuli may result in the conversion of plasminogen to plasmin in vivo. Accordingly, it may be postulated that such exposure may result in an increase in the rate of destruction of circulating glucagon, ACTH and somatotropin. Whether such an increase plays a significant role in the destruction of the various hormones by the intact organism remains unknown.
SUM MARY
Studies with native human plasma, the crude euglobulin fraction (plasminogen) of such plasma, streptokinase-activated plasma, streptokinase-activated plasminogen and purified human plasmin indicate that glucagon, adrenocorticotropin and somatotropin are very susceptible to hydrolysis by plasmin while insulin is resistant to such action.
